There is a paucity of existing literature on tandem spinal stenosis, and the safety and efficacy of simultaneous decompressive surgery remains unclear.
INTRODUCTION
T andem spinal stenosis (TSS) is defined as significant spinal stenosis occurring in two different regions of the spine. 1 TSS typically involves both the cervical and lumbar regions. The primary manifestations of TSS include intermittent neurological claudication, progressive gait disturbance, and mixed symptoms and signs of the upper and lower extremities. Patients with TSS usually have myelopathic symptoms combined with lumbar spinal claudication symptoms. These patients typically present with both upper and lower neurologic findings on examination. Both hyperreflexia and clonus usually are present. While spinal decompressive procedures for isolated regional spinal stenosis are very common in the adult population, there is a paucity of existing literature concerning the surgical management of symptomatic combination stenosis in different regions of the spine.
The concept of multiple areas of concomitant spinal stenosis in different regions was first described by Brain and Wilkerson 1 in 1957. Subsequently, using the Medline and Pubmed databases, we could identify only 10 articles having been published to date on TSS. At the present time, the incidence and most appropriate surgical management of TSS remain unclear in the existing literature. There is wide variation in the reported incidence of TSS, ranging from 0.9--25%. 2--5 In addition, four publications recommended a staged decompression approach for TSS. 2, 3, 6, 7 These studies ascribe too much potential risk to the simultaneous surgical approach.
The purpose of this study was to review the literature and evaluate the safety and efficacy of simultaneous decompressive surgery in different regions of the spine in a small subset of adult patients who required surgical treatment for TSS.
MATERIALS AND METHODS
Institutional Review Board approval was obtained for this study. From 2003--2010, 1023 consecutive patients were treated surgically for symptomatic spinal stenosis by the same fellowship-trained attending surgeon at a university spine center. Patients treated in the university spine center were first treated nonoperatively by a staff of board-certified, spine-trained physiatrists. Patients in whom conservative management failed to alleviate symptoms were then referred for surgical evaluation.
Nine of the 1023 surgical patients (0.88%) had symptoms and imaging studies consistent with the diagnosis of TSS ( Figure 1 ). Each of the nine patients presented with clinical manifestations of TSS, including neurogenic claudication, complex gait disorder, and a mixed pattern of diffuse upper and lower motor neuron signs and symptoms. Imaging studies revealed degenerative spinal stenosis without instability in two separate regions of the spine in each of the patients. Seven patients had combination cervical and lumbar symptomatic stenosis and two patients had combination symptomatic thoracic and lumbar stenosis. All nine TSS patients underwent simultaneous surgery in different regions of the spine performed by the same fellowshiptrained spinal surgeon and his team, with the senior surgeon performing the decompressive portions in both regions (Figures 1 and 2) .
The average age of the patients was 67 years (range 52--81 years). Operative times, blood loss, length of hospital stay, major and minor complications, and preoperative pain scores were recorded for all patients. The average follow-up was 24 months (range 6--48 months). Functional outcomes (Neck Disability Index [NDI] and Oswestry Disability Index [ODI] scores), analog pain, and satisfaction scores were recorded at the time of final follow-up. Preoperative pain scores also were compared with pain scores at final followup. Electronic hospital medical record reviews were performed to determine the number of major and minor complications experienced by each patient.
Surgical procedures consisted of multilevel lumbar decompression in all nine patients. Six of the seven cervical surgeries and one of the two thoracic surgeries included instrumentation. Intraoperative and postoperative complications were recorded for each patient.
RESULTS

Operative Time
Mean operative time was 2 hours 39 minutes, with a range from 1 hour 48 minutes---4 hours 17 minutes (Table 1) . There was a trend toward cases involving multilevel decompression of more than six spinal levels combined with the use of instrumentation having longer operative times than those without instrumentation and including less than six spinal decompressive levels.
Blood Loss (EBL)
Blood loss for the simultaneous procedures averaged 558 cc (range 150--1300 cc). The procedure portion with the highest blood loss (900 cc) involved a C2--C6 posterior cervical laminectomy and instrumented fusion. The procedure portion with the smallest amount of blood loss was 75 cc involving an L3-5 laminectomy procedure. In the three patients with the highest combined EBL, the cervical portion of the surgery was noted to attribute to at least double the EBL of the lumbar portion.
Hospital Stay Length
Hospital stay length for all nine patients with TSS averaged 7.4 days (range 3--18 days). Six of the nine patients were noted to have prolonged postoperative rehabilitation lasting more than 3 days. Three of the six patients who required prolonged postoperative rehabilitation reported higher transient postoperative levels of pain. Three patients were discharged directly to home, three patients were transferred to the in-hospital physical medicine rehabilitation service, and the final three were transferred directly to a skilled nursing facility.
Complications
There were no major postoperative complications noted and none of the nine patients required postoperative intensive care unit management. One patient who had clinical evidence of preoperative chronic hepatitis experienced an exacerbation of the hepatitis postoperatively. This patient's hepatitis improved to baseline status with postoperative medical management.
Minor complications included acute blood loss anemia in six of the nine patients (66%) who required perioperative blood transfusion. Perioperative blood transfusion amount averaged 1.7 units of packed red blood cells (PRBC; range 0--4 units), with an intraoperative average of 0.77 units and a postoperative average of 0.88 units. TSS surgical patients requiring blood transfusion involved those patients requiring more than two cervical and lumbar decompression levels combined with the use of cervical instrumentation. No patient experienced further complications related to blood loss anemia.
Three patients (33%) reported transient higher postoperative levels of pain lasting more than 72 hours. All three of these patients had a prolonged hospital stay. Six of the nine patients (66%) required the need for prolonged postoperative rehabilitation. One patient had new-onset transient postoperative cervical radicular parathesias that resolved within 4 weeks.
Functional Outcomes
Seven of the nine patients (78%) were available for longterm follow-up at an average of 24 months after surgery (range 6--48 months). One patient could not be located 18 months after TSS surgery, and another patient died 2 years after surgery from unrelated medical causes before final follow-up data were obtained.
At the time of final follow-up, all patients completed analog pain and satisfaction scoring forms, the NDI and the ODI questionnaires.
Pain
Preoperative analog pain scores averaged 7.8 points for all of the patients in this series (range 7--9 points). Analog pain scores at the time of final follow-up averaged 1.9 points (range 0--5 points; Figure 2 ). There was a statistically significant improvement noted between preoperative and postoperative analog pain scores defined using the paired t-test statistical analysis (P ¼ 0.0001). Each of the seven patients who were available for longer-term follow-up had pain scores that improved after TSS surgery.
Neck Disability Index (NDI)
The average NDI score for all seven patients at final followup was 15.6 points (range 8--26 points). Scores for all seven 
Satisfaction
Patients were asked to rate their degree of satisfaction with the surgical procedure and outcome using an analog scoring scale. Analog satisfaction scores for the seven patients who were available for final follow-up averaged 8.7 points on a scale from 0--10, with 10 indicating the highest degree of patient satisfaction. The range of patient satisfaction was 7--10 points, all indicating a high degree of patient satisfaction (Figure 2 ).
DISCUSSION
A search of the Medline and Pubmed databases using the key words ''tandem stenosis'' and ''cervical and lumbar stenosis'' was performed. A total of 11 articles were identified as having been published on this topic. Only seven of the articles included patients who had operative management for TSS (Table 2) . Four publications included patients who were treated with a staged surgical approach, and only three publications included small numbers of patients who had a one-stage or simultaneous surgical approach. All 11 published studies were either commentary or retrospective reviews containing small numbers of patients with multiple surgeons.
With increasing age, the occurrence of degenerative spinal stenosis increases. Isolated symptomatic stenosis in either the cervical, thoracic, or lumbar spine that is refractory to conservative measures usually presents a straight-forward and well-defined decision-making process for the spinal surgeon. Isolated regional decompressive procedures are associated with high success rates in the existing literature. 11, 12 Several authors have described spondylotic conditions of the spine that may confuse clinical presentations by producing significant symptoms from the both regions. LaBan and Green 4 suggested that the combination of symptomatic spinal stenosis from different spinal regions may confuse the clinical picture and complicate the surgical decision-making process. The authors also suggested that the symptoms of either the cervical or lumbar stenosis initially predominate early in the clinical picture, and only after the primary pathology is treated does the secondary problem become more evident.
Since 1964 when TSS was first described, estimates of its frequency have varied widely, ranging from a low of 0.9% to a high of 28%. Two studies in the existing literature attempt to accurately define the incidence of TSS. 4, 13 Lee et al. 13 examined the cervical and lumbar spines of 440 skeletally mature cavader specimens obtained from the Cleveland Museum of Natural History and found the prevalence of TSS to range from 0.9--5.4%. The authors defined spinal stenosis as an absolute mid-sagittal canal diameter measurement of less than 12 mm at a minimum of one spinal level. 13 LaBan and Green 4 performed a 10-year review of hospital admissions to determine the frequency of TSS. In this retrospective study of 460,964 hospital admissions, the authors identified a base population of only 54 patients with TSS. These patients presented with multiple complaints, including In our series of 1023 consecutive spinal stenosis surgical patients, only nine had the diagnosis of TSS (0.88%). The incidence of TSS in our spinal stenosis surgical population is consistent with the findings reported for TSS prevalence by Lee et al. 13 It is the senior author's opinion that 0.87% TSS incidence may be reflective of the very small number of surgical patients with TSS reported to date in the literature. It is possible that the actual incidence of TSS may be higher than we have reported, because patients may be asymptomatic from one of the other stenosis regions at the time of initial clinical presentation.
A staged approach to patients with TSS who require surgical management is supported in the literature. Dagi et al. 6 recommended that the surgical intervention be directed at decompression of the stenotic lesions in both the cervical and lumbar regions, but the most symptomatic level should be treated first. In this retrospective review of 19 patients with TSS with a mean follow-up period of 22 months, an excellent outcome was obtained in five patients (26%), four improved (21%), five deteriorated despite initial improvement (26%), and one was unchanged. Three patients could not be traced for follow-up review, and there was one postoperative death. Postoperative improvement correlated inversely with symptom duration. The authors also suggested that the presentation of TSS may mimic amyotrophic lateral sclerosis and other forms of motor-neuron disease. In contrast to these conditions, however, TSS is amenable to treatment. Functional recovery in TSS depended on early diagnosis and timely surgical intervention.
Hsieh et al. 7 reported series of 158 patients who underwent surgery for degenerative spinal stenosis, and 12 of these patients were diagnosed with TSS, an overall incidence of 7.6%. Management guidelines in the 12 patients with TSS required that cervical surgery be performed first if the patients had signs in the upper motor neuron region or predominant signs in the upper extremities. In the patients who had significant symptoms in the lower extremities and no signs in the upper motor neuron region, lumbar surgery was performed first. In their series, eight of 12 patients had cervical surgery first and only four required further lumbar surgery. Among the eight patients who received cervical surgery, two had laminoplasty, three laminectomy, and three anterior decompression and fusions. The other four patients had lumbar surgery only. At an average 32 months follow-up, eight patients (66.7%) had excellent or good clinical results. Ossification of the posterior longitudinal ligament (OPLL) was noted in seven of 12 patients (58.3%) in this study. The authors concluded that OPLL might be a predominant factor in TSS, and larger population studies are needed to confirm this finding.
Epstein et al. 3 reported that the order of surgical intervention in TSS was related to the degree of myelopathy and radiculopathy. Patients requiring cervical surgery first had absolute stenosis with a spinal canal equal to or less than 10 mm in anteroposterior diameter. Those requiring lumbar surgery first presented with stenosis and a canal between 11--13 mm in diameter. In the latter group, patients presented with radiculopathy in the lower extremities. A significant portion (50%) had intermittent neurogenic claudication. Cervical cord decompression often resulted in improvement in lumbar symptoms with resolution of pain, spasticity, and sensory deficits of myelopathic origin. However, latent symptoms of claudication caused by lumbar stenosis were not affected by cervical decompression and increased in severity. The surgical management was staged and included extensive, multiple-level laminectomy, unroofing of the lateral recesses, and foraminotomy. Significant improvement was obtained in 90% of the patients.
Aydogan et al. 2 also performed a retrospective study to report the existence and management of tandem (concurrent) cervical and lumbar spinal stenosis. Between 1998 and 2004, eight adult patients were diagnosed with TSS in a series of 230 patients who underwent surgery for spinal stenosis (3.4%). Three patients received cervical surgery first, and five patients lumbar surgery first. The Japanese Orthopedic Association (JOA) score of all patients improved from an average of 8.1 preoperatively to an average of 12.7 points at final follow-up. The ODI score improved from a mean of 58.1 to 19.3 at latest follow-up. All the patients had excellent or good results and none deteriorated neurologically. The authors concluded that although TSS occurred relatively infrequently, its possible presence should not be overlooked. They also recommended that the treatment plan must be designed according to the chief complaints and symptoms of the patient.
The concept of simultaneous surgery for TSS has not been adequately discussed in the literature. Only three published studies were indentified involving patients who had simultaneous surgery for TSS. 8--10 Each of these studies also included a small number of patients and was performed retrospectively. Naderi and Mertol 8 described two patients with symptomatic combined stenosis of the cervical and lumbar spinal canal in which simultaneous decompressive surgery was performed. Total surgical time for each of these patients was 130 minutes and 150 minutes. The authors reported neurologic improvement and gait improvement postoperatively, but no outcome measures were used in this case report. The authors recommended simultaneous surgery as an alternative approach for patients with symptomatic multilevel spinal stenosis in different regions of the spine.
Kikuike et al. 9 performed a retrospective study of clinical outcomes of one-stage combined cervical and lumbar decompression for 17 elderly patients with TSS with average 5-year follow-up. Eight of the 17 patients had simultaneous surgery and nine had staged, same-day procedures. The JOA back pain (JOA-B) and JOA cervical myelopathy (JOA-C) scores, and activities of daily living improved significantly 6 months after surgery but ultimately deteriorated with additional follow-up. Complications involving other parts of the body significantly influenced clinical deterioration. Twelve patients (71%) were satisfied with their surgical outcome. The authors opined that reasons other than spinal pathology affected symptom deterioration at final follow-up, and most patients expressed satisfaction at mid-term follow-up periods.
Most recently, Eskander et al. 10 compared outcomes after simultaneous decompression of the cervical and lumbar spine with staged operations in 43 patients. Twenty-one patients underwent simultaneous decompression of both the cervical and lumbar spine and 22 underwent staged decompression of the cervical spine followed by decompression of the lumbar spine at a later date. With a mean follow-up of 7 years, both groups improved in JOA and ODI scores without a significant difference between the two surgical groups in terms of major or minor complications, JOA, or ODI scores. Age above 68 years, EBL of 400 mL or more, and operative time 150 minutes or more significantly increased the number of complications in both groups. The authors concluded that TSS can be effectively managed by either surgical intervention, simultaneous, or staged decompressions. However, patient age, blood loss, and surgical time do significantly effect outcomes. Therefore, surgical management should be tailored to the patient's age and the option that will limit blood loss and operative time, whether that is by simultaneous or staged procedures.
Our series of nine consecutive TSS patients treated with simultaneous surgery is the second largest series to be reported in the existing literature. The results of our series demonstrate that simultaneous surgery is an effective technique for the management of TSS. Surgical time in our series averaged 2 hours and 39 minutes, and total blood loss averaged 558 cc. These numbers are similar to those previously reported in the existing literature. However, complications in our series appeared to be less than those previously reported. A contributing factor to this finding may be the relatively younger age of the patients in our series (average age 67). Our results also suggest that patients with TSS who are relatively healthy and more able to tolerate the increased perioperative morbidity are the best candidates for the simultaneous surgical approach.
While there were no significant major complications reported in our study, minor complications occurred, including blood loss, anemia, and prolonged increased levels of postoperative pain. We also observed prolonged rehabilitation and hospitalization time in our series. Both factors contributed to seemingly high postoperative patient morbidity with simultaneous TSS surgery in this study. Our study appears to be the first to define the extent of prolonged patient rehabilitation time with the simultaneous surgical technique. Our results also suggest that overall functional outcomes of TSS simultaneous surgery are not affected by the relative increase in perioperative morbidity, which may be inherent to this surgical approach. The incidence of TSS among patients requiring surgery for spinal stenosis is extremely low, and there is a paucity of existing literature on this topic. Simultaneous surgery in different regions of the spine appears to be an effective treatment option for the few patients who present with the classic findings of TSS. In this case series, patient morbidity was higher than reported for isolated spinal decompressive procedures. However, functional outcomes did not appear to be adversely affected by the simultaneous technique, and patient satisfaction was high.
